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(54) Catalytic purification device 

(57) A device for catalytic treatment of a gas flow in 
which a heat exchange catalyst carrier body has an inlet 
face and an outlet face each of which are distinct from 
the other. The carrier body (1 a, 1 b) has carrier walls that 
define a plurality of gas flow passages (3) that have a 
main direction of extension in the carrier body and which 
openly extend between the inlet face and the outlet face. 
The carrier walls are adapted to exchange heat between 
the inlet face and the outlet face. Catalyst material is 
applied to the carrier walls and is exposed to the gas 



flow passages. An impurity-adsorbing/desorbing agent 
is applied to the carrier walls and Is exposed to the gas. 
flow passages. The Impurity-adsorbing/desorbing agent 
is adapted to adsorb impurities at a first temperature and 
desorb those impurities at a second temperature which ; 
is higher than the first. A casing (6) encloses the carrier 
body and has an Inlet (11) for supplying a gas flow to 
the inlet face of the carrier body and an outlet (12) for 
discharging the gas flow from the outlet face of the car- 
rier body. 
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Description 

TECHNICAL FIELD: 

[0001] The present Invention relates generally to a de- 5 
vice for catalytic treatment of a gas flow. 

BACKGROUND ART: 

[0002] Solvents Eind other organic compounds can be 
removed from air by oxidation or combustion. The im- 
purities are made to react with oxygen in the air and they 
are thereby converted into harmless water and carbon 
dioxide, A high temperature Is nomnally required for the 
reaction to proceed. Once the reaction has been initiat- 
ed by ignition, however, the heat developed during the 
reaction is often sufficient to maintain a working temper- 
ature, provided the Impurity concentration exceeds a 
lower explosive limit, but Is below an upper explosive 
limit. For safety reasons, however, in most normal In- 
dustrial processes care is taken to remain well below 
the explosive limit when air containing solvents or other 
combustible vapors are involved. This means that emis- 
sions of ventilating air containing impurities are virtually 
always below the explosive limit and usually far below. 
Under such circumstances, ignition is not sufficient to 
produce combustion of the Impurities since the Impurity 
content is too low for the reaction to proceed on its own. 
One way to achieve combustion despite a low impurity 
concentration is to heat the air to a temperature of 
750-1 OOO^C. This can be accomplished with electricity, 
or with the help of a gas or oil burner. This, however, 
drives up energy costs, even If heat exchangers are 
used to recover heat from the treated air for use In heat- 
ing the incoming, but not yet treated air. 
[0003] One way to reduce the reaction temperature, 
and thus energy consumption, is to let the reaction pro- 
ceed with the help of catalysts. For example, contact 
with metals from the platinum group can provide a good 
reaction rate even at temperatures as low as 200'*C or 
300** C. Catalysts consisting of various blends of metal 
oxides may also be used. This field is quite large and 
new catalysts and ways of handling these catalysts to 
provide better catalytic activity are continuously being 
developed. However, temperatures well above room 
temperature are still normally needed in order to achieve 
a satisfactory reaction rate. 

[0004] In WO 96/04509, a catalytic purification device 
is disclosed in which a preheating heat exchanger Is an 
integrated part of the device. During operation of an au- 
tonnotive engine, the device according to WO 96/04509 
provides heat economy by heat exchange between in- 
coming and outgoing flows in the device. During an Ini- 
tial period of operation of the engine, however, the tem- 
perature of the exhaust gas is insufficient to start the 
catalytic reaction. Moreover, during this initial period the 
exhaust gas is rich in hydrocartDons which pass through 
the cold catalytic purification device substantially unaf- 



fected. In order to reduce the emissions of impurities ; 
during the cold-start period, a device according to WO ' 
96/04509 is provided with a heating element which suja- 
plles heat to raise the temperature of the exhaust gas 
and start the catalytic reaction. 
[0005] Another way to reduce the problem with cold- 
start emissions has been suggested in WO 96/21093. ^ 
Accordingly, a preliminary catalytic reactor is provided 
In series with a hydrocarbon trap and a second catalytic 
reactor within a single canister. The hydrocarbon trap 
adsorbs hydrocarbons during the Initial minutes of op- 
eration when the exhaust gas is below the ignition tern- ; 
perature of the catalyst. When the temperature rises, the 
hydrocarbons are released from the hydrocarbon trap ■ 
and transferred to the second catalytic reactor. Howev- 
er, such a device has been found to be exceedingly 
bulky and cannot be used for applications where space' . i 
Is limited. Moreover, the device exhibits a large pres- 
sure-drop between the Inlet and the outlet thereof. 
[0006] In view of the above described deficiencies as- 
sociated with the use of known designs for devices for 
catalytic treatment of a gas flow, the present invention 
has been developed to alleviate these drawbacks and 
provide further benefits to the user. These enhance- : 
ments and benefits are described in greater detail here- 
inbelow with respect to several alternative embodiments 
of the present invention. 

DISCLOSURE OF THE INVENTION: 

[0007] The present invention in its several disclosed 
embodiments alleviates the drawbacks described 
above with respect to conventionally designed devices ; 
for catalytic treatment of gas flows and Incorporates sev- 
eral additionally beneficial features. 
[0008] One object of the present invention is to pro- 
vide a catalytic purification device exhibiting low cold- : 
start emissions. Another object of the present invention 
is to provide a catalytic purification device having a com- 
pact design and a low energy consumption. Still another 
object of the present invention Is to provide a catalytic 
purification device wherein the pressure drop between 
the inlet and the outlet is low. 

[0009] In one embodiment, the present inventbn take 
the form of a device for catalytic treatment of a gas flow 
in which a heat exchange catalyst carrier body has an 
inlet face and an outlet face each of which are distinct 
from the other. The carrier body has carrier walls that 
define a plurality of gas flow passages that have a main 
direction of extension in the carrier body and which 
openly extend between the inlet face and the outlet face. 
The carrier walls are adapted to exchange heat between 
the Inlet face and the outlet face. Catalyst material Is 
applied to the carrier walls and is exposed to the gas 
flow passages. An impurity-adsorbing/desorbing agent 
is applied to the carrier walls and Is exposed to the gas 
flow passages. The impurity-adsorbing/desorbing agent 
is adapted to adsorb Impurities at a first temperature and 
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desorb those impurities at a second temperature which 
is higher than the first. A casing encloses the carrier 
body and has an inlet for supplying a gas flowto the inlet 
face of the carrier body and an outlet for discharging the 
gas flow from the outlet face of the carrier body. 
[0010] In an alternative embodiment, the invention 
takes the form of a device for catalytically treating a gas 
flow in which a gas flow passage is defined at least par- 
tially by a bamer wall. At least a portion of the barrier 
wall is corrugated for the purpose of causing turbulent 
flow in gas flowing through the gas flow passage for 
more frequent and thorough contact between the flow- 
ing gas and the barrier wall. Further, a catalyst is pro- 
vided on at least a portion of the barrier wall for exposure 
to gas flowing through the gas flow passage. 
[0011] In more general terms, the carrier walls In the 
carrier body act as membranes separating incoming gas 
from outgoing gas. The carrier walls are constructed 
such that heat can pass from the outgoing gas to the 
incoming gas as in an ordinary recuperative heat ex- 
changer. Preferably, gas flow around the carrier walls is 
so arranged that heat exchange occurs in a so-called 
counter-current process in which the coldest part of the 
outgoing stream heats the incoming stream just as It Is 
coming in, while the warmer, not yet cooled part of the 
outgoing stream heats the incoming stream at a later 
stage. This produces a high degree of heat exchange 
and good heating efficiency. 

[001 2] For efficient heat exchange, it is also Important 
that the gas have good transfer contact with the surfaces 
of the carrier walls. Moreover, good contact between the 
gas flow and the carrier walls is advantageous in order 
to bring the gas stream into contact with the catalyst and 
the rmpurity-adsorbing/desorbing agent(s) which are 
coated onto the carrier walls. Hence, intimate contact 
between the carrier walls and the gas flow creates fa- 
vorable conditions for achieving efficient purification of 
the gas flow. 

[0013] In order to accomplish good contact with the 
carrier walls, flow paths are created between the carrier 
walls by providing at least one of the abutting carrier wall 
surfaces with a three-dimensional, raised pattern. Such 
a pattern acts as a spacing means between the carrier 
wall surfaces; the thus created space between the sur- 
faces forming flow paths through the carrier body. A par- 
ticularly preferred raised pattern is a pattern of parallel 
corrugations arranged at an angle to the inlet of the cat- 
alytic purification device. 

[0014] Thus, the carrier walls have three main func- 
tions: separating an incoming gas flow from an outgoing 
gas flow; transferring heat between ingoing and outgo- 
ing gas flows; and carrying the catalyst and the adsorb- 
Ing/desorbing agent, which are thus brought into Inti- 
mate contact with a passing gas flow In this context, the 
expression "gas" is taken to mean any gas or gas mix- 
ture, such as exhaust gas from a vehicle engine, con- 
taining impurities or other compounds which are advan- 
tageously removed by passing the gas through a cata- 



lytic purificatbn device in accordance with the present 
invention. 

[0015] The heat transferring membranes constituted 
by the carrier walls may be made of a thin metal sheet 

s or foil, such as stainless steel, which is coated with a 
thin layer of catalyst and formed into a carrier body by 
folding or otherwise. The catalyst can be applied as an 
Intermittent coating or can be applied as a continuous 
layer. The membrane may altemativety consist of a ce- 

10 ramie material impregnated or coated with a catalyst. 
The catalyst may be applied to only one side of the mem- 
branes, or to both sides thereof. 
[0016] Further, an adsorption/desorption agent is ap- 
plied to the carrier walls. The adsorptfon/desorption 

IS agent is a material which adsorbs impurities, usually hy- 
drocartDons and nitrogen oxides (NOx), at a first, lower 
temperature and releases the impurities at a second, 
higher temperature. This implies that during an Initial pe- 
riod of operation of the purification device, when the in- 

20 coming gas has a low temperature, impurities will be 
trapped by the adsorption/desorption agent. The trap- 
ping takes place shortly after the incoming gas has en- 
tered through the inlet. After a while, when the ternper- 
ature of the incoming gas has reached the desorption 

2S temperature for the adsorption/desorption agent, the im- 
purities are released. Initially, the incoming gas will lose 
heat when traveling through the cold purification device 
upon start-up which implies that the impurities will again 
be adsorbed further downstream in the purification de- 

30 vice. Eventually, all of the carrier body of the purification 
device will be heated and the released impurities will 
thus be brought into reactive contact with the catalyst. 
Preferably, the desorption temperature of the adsorp- 
tion/desorption agent is at least as high as the ignition 

3S temperature of the catalyst. In this manner impurities will 
remain trapped until the temperature is sufficiently high 
to obtain a catalytic reaction resulting in a high degree 
of purification and low emissions during the cold-start 
period. . ^ 

40 [0017] In a case where the temperature of the incom- 
ing gas is below the temperature required by the cata- 
lyst, not only during a cold-start period but during ari ex- 
tended period of operation, the heat-exchange function 
may nevertheless enable reaction in a heated part of the 

4s device. This part may be kept at a sufficient tempera- 
ture, either by the reaction heat alone, or if this is insuf- 
ficient, with additk)nal heat supplied by an external heat- 
er, 

[0018] The adsorption/desorption agent may cbm- 
50 prise any adsorptive material conventionally used td ad- 
sorb hydrocarbons, such as activated alumina, porous 
glass, silica gel and activated carbon. A particularly use- 
ful class of materials are the zeolites, which are molec- 
ular sieves having a porous structure. The adsorption/ 
ss desorption agent may be mixed with the catalyst or may 
be applied to the carrier walls In areas which are hnac- 
roscopically separate from catalyst carrying areas. The 
type of adsorption/desorption agent Is chosen with're- 
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gard to the compounds which are to be removed from 
the treated gas flow. Two or more different adsorption/ 
desorption agents may be mixed to achieve a trapping 
: eff ect for several different kinds of compounds. In some 
instances, the same material can be used both as a cat- 
alyst and as an adsorption/desorption agent. 
[001 9] The technique of coating surfaces with thin and 
economical coatings of catalysts is well developed and 
■used, for example, in the production of conventional au- 
tomobile catalysts. 

[0020] In addition to the oxidation of organic sub* 
stances, the device is also suitable for other combined 
heat exchange and catalytic treatments of gases, for ex- 
ample for the selective reduction of nitrogen oxides 
(NOx) with ammonia or other reducing nitrogen com- 
pounds. The device Is well suited to treating engine ex- 
haust gases, whether they have high oxygen contents, 
(diesel engines) or low oxygen contents (Otto engines), 
: Thisjs particularly tme when the temperature of the ex- 
haust or the properties of the catalyst are such that sat- 
isfactory results cannot be achieved without heating. 
[0021] The beneficial effects described above apply 
generally to the exemplary devices and mechanisms 
disclosed herein of the catalytic purification device. The 
specific structures through which these benefits are de- 
livered will be described in detail hereinbetow. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

[0022] The Invention will now be described in greater 
.detail in the following way of example only and with ref- 
erence to the attached drawings, In which: 

Figure 1 is a perspective view showing one means 
of the assembly of a catalytic purification device In 
accordance with the present invention; 
Figure 2 shows the catalytic purification device of 
Fig. 1 , with the directions of gas flow in the device 
indicated by arrows; 

Figure 3 shows juxtaposed layers of heat exchange 
carrier material; 

Figures 4a-4e are schematic views of different 
placements of the inlet and the outlet in a catalytic 
purification device In accordance with the invention; 
and 

Figure 5 shows a partial view of a carrier strip bun- 
dle in accordance with the present invention. 

MODE(S) FOR CARRYING OUT THE INVENTION: 

[0023] As required, detailed embodiments of the 
present invention are disclosed herein; however, it is to 
be understood that the disclosed embodiments are 
merely exemplary of the Invention that may be embod- 
ied in various and alternative forms. The figures are not 
necessarily to scale, some features may be exaggerat- 
ed or minimized to show details of particular compo- 
nents. Therefore, specific structural and functional de- 



tails disclosed herein are not to be interpreted as limit- 
ing, but merely as a basis for the claims and as a rep- 
resentative basis for teaching one skilled in the art to ; 
variously employ the present invention. 

s [0024] Figs. 1 and 2 show one embodiment of the 
present invention. A carrier material in the fonm of a long 
metal strip 1a is shaped by pressing, rolling, or similar ; 
process to create corrugations which run at an angle 
across a longitudinal axis of the strip 1 a. The strip 1 a is: ; • 

10 then repeatedly folded onto Itself in zigzag form so that 
it forms a bundle 1 b. Normally, the fold lines will be trans- 
verse to the corrugations. In this manner, the corruga- 
tions of adjacent layers are arranged crosswise to one 
another and thereby sen^e as spacers and form gas flow 
channels 3 between the folded layers of strip la. This ; 
relationship may be best appreciated in Fig. 3. The flow 
patterns in these channels 3 are such that gas flowing 
through the channels 3 will be continuously mixed, tiius = 
achieving good contact with the channel walls. 

20 [0025] As illustrated in Fig. 1 . to facilitate folding of the 
strip, the corrugations 2 can be discontinued at regular 
inten/als. leaving narrow, corrugation-free folding areas 
4 and 5. In addition, alternately directed folding notches 
may be arranged at the folding areas 4, 5 in order to 

2S facilitatepleatingof the metal strip la. 

[0026] The strip 1a is coated with catalyst material 
and an adsorption/desorption agent and is enclosed In • 
a heat-insulated outer container 6. As illustrated, the 
outer container has a rectangular shape with two end 

30 walls 6a, 6b. two side walls 6c, 6d. a bottom wall 6e and : 
a top wall 6f. The strip bundle lb is sealed on the two 
sides 7, 8 which are arranged to be parallel to a gas flow 
through the strip bundle 1 b. The ends of the bundle lb, 
however, are not sealed, but Instead end in reversing 

35 chambers 9, 1 0 as is shown in Fig. 2. For illustration pur- 
poses, reversing chambers 9, 1 0 appear in the drawings 
as fairiy large spaces at the ends of the carrier strip bun- 
dle lb. In reality, however the distance from each end 
of the strip bundle to the corresponding end wall 6a, 6b : 

40 of the outer container 6 can be very small; that Is on the 
order of 1 millimeter or less. 

[0027] Moreover, the outer container 6 has an inlet 
which is equipped with an attachment 11 for connecting 
incoming gas and an outlet which is equipped with an- 

^ other attachment 12 for connecting outgoing gas. Due 
to the way the strip is folded, connection to all channels 
on one side of the bundle lb can readily be made, so 
that the two attachments 11 and 1 2 each connect to one 
side of the strip. In the embodiment of Fig. 2, however, 

50 the inlet and the outlet are placed directly opposite each 
other on either side wall. The inlet 11 and the outlet 1 2 
are centrally arranged on the side walls 6c,6d of the out- 
er container 6, which means that the inlet 11 and the 
outlet 1 2 are positioned at an equal distance from each 

55 end walls 6a,6b of the container. 

[0028] An optional heating element 1 3 is shown to be 
located in each reversing chamber 9,10. In the illustrat- 
ed design, the heating element consists of electric heat- 
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ing coils but other heating devices can also be used, 
such as gas or oil burners. As an alternative, the revers- 
ing chamber and the treated gas stream can be heated 
by supplying warm air or gas from an external source. 
[0029] Operation of the unit will now be described be- 
low with reference to Fig. 2. Before the unit is started up 
or begins use, the reversing chambers 9,10 may be 
heated by heating element 13 to a temperature that Is 
just above the temperature which is needed for the cat- 
alytic reaction. The temperature in the reversing cham- 
bers is subsequently maintained at this temperature by 
regulating the heat that is supplied by heating element 
13 or by the heat that is generated from the chemical 
reactions during operation of the unit. 
[0030] Gas containing impurities is supplied through 
Intake attachment 1 1 and is divided Into two half -flows 
1 4. 15 which flow In opposite directions through the flow 
channels on the Inlet side of bundle lb towards revers- 
ing chambers 9, 10. If the supplied gas is an exhaust 
gas from, for instance, a vehicle engine, it will initially be 
cold upon start-up. During the cold start period, the tem- 
perature of the supplied gas Is tow so that Impurities will 
almost immediately be trapped by the adsorption/des- 
orptlon agent wall coatings. When the temperature of 
the incoming gas reaches the desorptlon temperature 
for the adsorption/desorption agent, however, the impu- 
rities will be released again to the flow of gas. 
[0031] Since, during the initial period of operation of 
the unit, the catalytic reaction has not yet started, and 
the outgoing flow does not transfer a sufficient amount 
of heat to the Incoming gas, the temperature of the in- 
coming gas will decrease as the gas travels towards the 
ireversing chambers 9, 10. This implies that the released 
impurities will again be adsorbed further downstream in 
the unit. However, eventually all of the carrier body of 
the purification device will be heated and the released 
Impurities will thus be brought into reactive contact with 
the catalyst. 

[0032] In a preferred embodiment, the desorption 
temperature of the adsorption/desorption agent Is at 
least as high as the ignition temperature of the catalyst. 
In this manner, impurities will remain trapped until the 
temperature is sufficiently high to immediately obtain a 
catalytic reaction thereby resulting in a high degree of 
purification and low emissions during the cold-start pe- 
riod. Good results, however, are also obtained when the 
desorptlon temperature of the adsorption/desorption 
agent Is lower than the Ignition temperature of the cat- 
alyst. In such a case, the impurities are desorbed at a 
first location In the unit and then transported down- 
stream in the unit to a second location where the tem- 
perature Is high enough to enable a catalytic reaction. 
[0033] When the unit has reached its operational 
state, cold gas flows In the flow channels on the inlet 
side of the strip bundle lb, toward reversing chambers 
9,10; warmed gas flows counter thereto out toward out- 
let attachment 12 on the outlet side of the bundle lb. 
The result is that heat is continuously transferred from 



the outgoing gas flow to the Incoming gas flow Accord- 
ingly, gas passing through the device is heated succes- 
sively to the temperature of the reversing chambers 
9,10. Thereafter, the temperature Is reduced succes- 

s sively after it has left the reversing chambers 9,10. 
[0034] By providing good heat exchange between the 
outgoing and incoming gas flows, the local tempera- 
tures of these flows are caused to be close to each other. 
Consequently, it is not nonnally necessary to supply ad- 

10 ditional heat to the reversing chambers 9, 1 0 to support 
the catalytic reactions during operation of the purifica- 
tion unit. In this way operation of the unit is made ex- 
tremely economical. However, for some applications, for 
instance when the temperature of the Incoming gas is 

IS very low, or when treating lean gas mixtures, the heat 
which Is produced by the catalytic reactions may not be 
sufficient to heat the incoming gas flow to the catalyst's 
reaction temperature. Under such circumstances! the 
heating element 13 may be used to provide the addi- ; 

20 tlonal heat which is needed. 

[0035] At the same time that the gas flow is being 
heated to the desired temperature In the unit, it is also 
moving over the catalyst-coated surface which is basi- 
cally at the same temperature. Moreover, due to the cor- 

25 rugations 3 in the strip 1 b, the flow passes over the cat- 
alyst surface along tortuous flow paths that result in con- 
stant mixing in a cross-sectional direction of the flow 
channels so that the gas is brought into repeated close 
contact with the catalyst. This creates favorable condi- 

30 tions for the reaction and. accordingly, the purificatldn 
unit provides a high degree of purification. 
[0036] When much heat Is developed by the reaction 
in the device, for example due to a high concentration 
of substance undergoing oxidation, no additional heat 

35 need be supplied In the reversing chambers 9, 1 0. At the 
same time, the temperature in the reversing chambers 
9.10 is dependent, to a certain extent, on the concen- 
tration of the substance in the gas flow. This Is partibu- 
larly true when the carrier strip 1 a Is coated with catalyst 

40 only on the outlet side. In this case, heating of the In- 
coming impure gas flow occurs without contact with the ; 
catalyst and the reaction occurs only after the flow has . 
passed the reversing chambers 9, 1 0. 
[0037] Generationof a large quantity of heat then pro- 

45 duces a high temperature in reversing chambers 9-10 
and in the sections of the carrier strip bundle 1 b adjacent 
to the reversing chambers 9,10. If the strip bundle lb 
has a coating of catalyst on both sides, however, or at 
least on the Inlet side of the bundle, the temperature in 

50 the reversing chambers 9,10 will be lower. In this caise, 
the heating occurs under constant contact with the cat- 
alytic surface and the reaction takes place when the' flow . 
attains the proper temperature. The excess heat which " 
Is produced is constantly transferred to the outgoing gas 

55 flow on the outlet side of the bundle 1 b. When everything 
that can react has been reacted, there Is no additional 
temperature increase and the subsequent movement 
toward the reversing chambers 9,10 occurs with no ad- 
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ditional temperature increase. In this way, the device is 
splf-regulating in temperature and adjusts itself to a 
working temperature that Is suitably just above the tem- 
perature at which the main reaction occurs. The temper- 
:ature is somewhat higher at a high flow rate than at a 
low flow rate. 

[0038] The catalyst and/or adsorption/desorption 
agent may be applied to the carrier walls in different con- 
centrations at different areas along the flow path. For 
isome applications, such as diesel engines, it Is impor- 
tant that the catalytic reaction takes place principally in 
the vicinity of the reversing zones 9,10 in order to keep 
the temperature as high as possible. Accordingly, for 
such applications, the catalyst should be concentrated 
to these areas of the heat exchange catalyst carrier bun- 
dle lb. Other applications may require the catalyst to be 
concentrated away from the reversing zones 9,10. 
;[0P39] Thus, with high and variable contents of sub- 
jstances to be oxidized, it can be an advantage to have 
the inlet side of the carrier strip bundle coated with cat- 
alyst material. This protects the device from high tem- 
peratures that can harm the catalyst. Coating the outlet 
side then creates a resen/e capacity and contributes to 
an increased degree of purification, 
[0040] On the other hand, if the flow that is to be pu- 
rified contains some substance that requires higher 
treatment temperatures than the main part of the impu- 
.rities, it can be an advantage to coat only the outlet side 
i of /the carrier strip bundle lb with catalyst material. 
Thereby, high temperatures can be achieved even with 
a readily reacting fuel. A similar effect can also be 
achieved using different catalysts on the two sides of 
•the bundles, whereby the catalyst used for the heat-gen- 
erating reaction is placed on the outlet side of the bundle 
lb and the catalyst which is needed for the high-tem- 
perature reaction is placed on the Inlet side of the bundle 
lb. 

[0041] The chemical reaction mainly takes place in 
the warm section of the carrier strip bundle 1b. The part 
of the bundle which Is closest to the inlet and outlet at- 
tachments 11,12 is normally at a low temperature and. 
thus, is not catalytically active, but simply serves as a 
heat exchanger. Consequently, in order to save costly 
catalyst, It is possible to limit the catalytic coating to the 
parts of the carrier strip which are closest to the revers- 
ing chambers 9,10. With high contents of heat-generat- 
ing impurities, however, this means that the temperature 
in the purification device can become high, just as in the 
case in which the coating is applied only on the outlet 
side of the strip. 

[0042] The corrugations 3 in the carrier strip material 
are shown in Fig. 3. The corrugations are arranged at 
an acute angle to the longitudinal direction of extension 
of the unfolded carrier strip la. When the strip is folded 
onto itself, the corrugations in abutting layers run across 
each other as is indicated in Fig. 3. In the resulting strip 
bundle, if the gas flow passes the corrugations at a great 
angle, the flow resistance will be comparatively great 



and the heat transfer will be good. A small angle be- 
tween the corrugations and the flow Is preferred when 
a low flow resistance is desired. Accordingly, by care- 
fully choosing the angle of the corrugations, it is possible 
^ to optimize the purification device for a particular appii- 
catlon. 

[0043] Hence, a low pressure drop can be achieved 
in a flow through a purification device in accordance with 
the invention if the corrugations or other three-dlmeri- 
sional structures are arranged in such a way that the 
angle against the direction of flow Is small. As mentioned 
above, this normally results In a reduction of heat trans- 
fer to the walls. However, the reduction in heat transfer 
can be compensated with additional surface area. De- 

^5 pending on the circumstances, such a larger area may 
actually be desirable to make room for additional cata- 
lyst and additional adsorption/desorption materiaL 
[0044] Accordingly, by providing a three-dimensional 
raised pattern on one or both surfaces of the carrier strip, 

20 a combined heat exchanger and catalytic reactor is ob- 
tained that has an active surface which Is large within a 
limited volume. However, the angular corrugations 
which are described are not the only means to achieve 
a suitable spacing between the various layers In the 

25 bundle. Many other patterns with alternating protrusions 
and depressions can create the same results. 
[0045] Figs. 4a-4e show different embodiments of a 
purification device in accordance with the present inven- 
tion in which the inlet and the outlet are arranged at dif- 

30 ferent locations on an outer container housing a heat 
exchange catalyst carrier body. The embodiments 
shown in Figs. 4a and 4c exhibit excellent purification 
characteristics during a cold-start period. The embodi- 
ments shown in Figs. 4d and 4e have a low ability of 

3S removing impurities during cold-start periods and the 
embodiment shown in Fig. 4b has an intermediate puri- 
fication capacity. 

[0046] The device In Fig. 4a has gas flow inlet and 
outlet connections 11,12 arranged on opposite sides of 

40 the outer container 6 on the longitudinal side walls 6c, 
6d thereof and at a distance from each container end 
6a,6b which corresponds to half the distance between 
the ends. Such an arrangement of the inlet/outlet con- 
nections 11,12 may be appreciated in Figs. 1 and 2. An 
advantage to having the inlet and outlet connections 
11 ,12 centrally arranged on the outer container 6 Is that 
flow resistance in the purification device is minimized. 
Moreover, when compared to an embodiment having 
the inlet/outlet connections arranged at one end of the 

50 purification device, a further advantage is that there is 
no need to seal off the inlet and outlet ends of the heat 
exchange catalyst carrier body. 

[0047] The device in Fig. 4b has the Inlet connection 
1 1 displaced towards a first end 6a of the outer container 
55 6 and the outlet connection 12 displaced towards the 
second end 6b of the outer container. The inlet and out- 
let connections are symmetrically arranged on the side 
walls 6c, 6d of the outer container 6. Such an arrange- 
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ment offers a relatively low pressure resistance in the 
device and, at the same time, exhibits fairly good heat 
exchange properties. 

[0048] In Fig. 4c, the inlet and outlet connections 
11 ,12 are arranged at one end 6b of the outer container 
6, implying good heat exchange, but a high pressure re- 
sistance. In this embodiment, the heat exchange cata- 
lyst carrier body has to be sealed at the Inlet and outlet 
end 6b. 

[0049] Fig. 4d shows a device having the inlet con- 
nection 11 at one end 6a thereof and the outlet connec- 
tion 12 at the opposite end 6b. Such a device provides 
excellent mixing of a treated gas flow, and is a catalytic 
reactor without heat exchange capacity. 
[0050] The purification device In Fig. 4e has a heat 
exchange catalyst carrier body which Is made up of two 
serially arranged parts lb', lb", which are rotated 90** in 
relation to each other around a longitudinal axis through 
the device. As in the device in Fig. 4d. the Inlet and outlet 
connections 11,12 are arranged at opposing transverse 
ends 6a, 6b of the device. Accordingly, a gas flow 
through the device runs in only one main direction. 
When compared to the device In Fig. 4d, the device in 
Fig. 4e offers further Improved mixing of a treated gas 
flow. 

[0051] Fig. 5 illustrates an alternative way of creating 
a reversing space at an end of a carrier strip bundle 1 b. 
The carrier strip is provided with perforations 16 which 
permit passage of a reversing gas flow. A carrier strip 
bundle such as shown in Fig. 5 can be closely fitted In- 
side an outer container without any space between the 
container end walls and the ends of the carrier strip bun- 
dle. 

[0052] A heat exchange catalyst carrier body for use 
in a purification device in accordance with the present 
invention may have any suitable shape other than the 
rectangular shape which has been described herein. 
Accordingly, heat exchange catalyst carrier bodies hav- 
ing cylindrical, oval, hexagonal, triangular or other 
cross-sections can be used. Moreover, the heat ex- 
change catalyst carrier body may be formed in other 
ways than by folding. Accordingly, the heat exchange 
catalyst carrier body may be formed by rolling a strip of 
carrier material, by molding, stacking carrier lamina, and 
compounding hollow elongate bodies, among others. 
[0053] A catalytic purification device for gas flows and 
its components has been described herein. These and 
other variations, which will be appreciated by those 
skilled In the art. are within the intended scope of this 
invention as claimed below. As previously stated, de- 
tailed embodiments of the present invention are dis- 
closed herein; however, it is to be understood that the 
disclosed embodiments are merely exemplary of the in- 
vention that may be embodied in various forms. 

INDUSTRIAL APPLICABILITY: 

[0054] The present invention finds applicability in the 



emission control industries. 



Claims 

1 . A device for catalytic treatment of a gas flow, said 
device comprising: 

a heat exchange catalyst carrier body having 
an inlet face and an outlet face, said inlet face 
being distinct from said outlet face; 
said carrier body having carrier walls that de- 
fine a plurality of gas flow passages, said gas 
flow passages having a main direction of exten- 
sion in said carrier body and openly extending 
between said Inlet face and said outlet face and 
said carrier walls adapted to exchange heat be- 
tween said inlet face and said outlet face; 
catalyst material applied to said carrier walls 
and exposed to said gas flow passages; 
an impurity-adsortDing/desorbing agent applied 
to said cam'er walls and exposed to said gas 
flow passages, said impurity-adsorbing/des- 
orbing agent being adapted to adsorb impuri- 
ties at a first temperature and desorta those im- 
purities at a second temperature, said first tem- 
perature being lower than said second ternper- 
ature; and 

a casing enclosing said carrier body and having 
an inlet for supplying a gas flowto said inlet face 
of said carrier body and an outlet for discharg- • 
ing sakl gas flow from sakj outlet face of said 
carrier body. 



35 2. The device for catalytic treatment of a gas flow as 
recited in claim 1 , wherein said carrier body further 
comprises: 

a carrier strip configured to form said carrier 
'^o walls, said carrier strip having a first three-dl- 

mensionally patterned surtace and a second 
three-dimensionally patterned surface, said 
carrier strip being multiply foMed onto Itself Into 
a strip bundle; and 
^ said first three-dimensionally patterned surface 

establishing a carrier wall of said inlet face of 
said carrier body and said second three<limi9n- 
slonally patterned surface establishing a carrier 
wall of said inlet face of said carrier body. 

so 

3. The device for catalytic treatment of a gas flow as 
recited in claim 2, wherein said carrier strip is folded 
into a strip bundle having a substantially rectangular 
cross-section, 

55 

4. The devfce for catalytic treatment of a gas flow as 
recited in claim 2, wherein said carrier strip is pro- 
vided with a pattem of generally parallel corruga- 
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so 

3. 
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4. 
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tlons arranged at an angle In relation to a main di- 
rection of extension of said carrier strip. 

5. The device for catalytic treatment of a gas flow as 
recited in claim 1, further comprising: 

said casing having a first end and a second end, 
a casing wall being arranged at each of said 
first and second ends of said casing, said cas- 
ing walls extending substantially perpendicu- 
larly to said main direction of said gas flow pas- 
sages; and 

said carrier body terminating at a distance from 
at least one of said casing walls so as to form 
a reversing chamber between said at least one 
casing wall and said carrier body. 

6. The device for catalytic treatment of a gas flow as 
recited in claim 5, further comprisbig: 

a heating element positioned at said reversing 
chamber. 

7. The device for catalytic treatment of a gas flow as 
recited In claim 1 , further comprising: 

said casing having a first end and a second end, 
a casing wall being arranged at each of said 
first and second erKis of said casing, said cas- 
ing walls extending substantially perpendicu- 
larly to said main direction of said gas flow pas- 
sages; and 

said carrier body being provided with perfora- 
tions in said carrier walls in an immediate vicin- 
ity of at least one of said casing walls, said per- 
forations forming a reversing area in said car- 
rier body. 

8. The device for catalytic treatment of a gas flow as 
recited in claim 1 , wherein said catalyst material is 
applied to said carrier walls as a macroscoplcally 
homogeneous coating. 

9. The device for catalytic treatment o1 a gas flow as 
recited in claim 8, 10, 11, wherein said impurlty-ad- 
sorbing/desorbing agent is applied to said carrier 
walls as a macroscopically homogeneous coating. 

10. The device tor catalytic treatment of a gas flow as 
recited in claim 1 , wherein said catalyst material and 
said impurity-adsorbing/desorbing agent are ap- 
plied to said canrier walls as intermittent coatings 
thereby forming areas of catalyst coating alternat- 
ing with areas coated with impurity-adsorbing/des- 
orbing agent. 

11. The device for catalytic treatment of a gas flow as 
recited in claim 1, wherein said carrier body and 
said casing have a generally elongate shape with a 



longitudinal direction and a transverse direction, 
said casing having two end walls extending gener- 
ally in the transverse direction and side walls con- 
necting said end walls and extending generally in 
^ the longitudinal direction. 

12. The device for catalytic treatment of a gas flow as 
recited in claim 1 1 , wherein said inlet and said outlet 
are arranged in said side walls. 

10 

13. The device for catalytic treatment of a gas flow as. 
recited in claim 1 2, wherein said inlet and said outlet 
are arranged generally opposite each other and at 
a distance from each casing end corresponding to 
approximately half the distance between said cas- 
ing ends. 

14. The device for catalytic treatment of a gas flow as 
recited in claim 1 , wherein said carrier body com- 
prises a metal carrier material. 

15. The device for catalytic treatment of a gas flow as 
recited in claim 1, wherein said carrier body comr: 
prises a ceramic carrier material. 

16. The device for catalytic treatment of a gas flow as : 
recited in claim 1 , wherein said impurity-adsorbing/ 
desorbing agent is adapted to adsoib and desorb 
hydrocarbon compounds, 

17. The device for catalytic treatment of a gas flow as 
recited in claim 1 , wherein said impurity-adsorbing/ 
desorbing agent is adapted to adsorb and desorb 
nitrogen oxides. 

18. The device for catalytic treatment of a gas flow as 
recited in claim 17, wherein said impurity-adsorb- 
ing/desorbing agent is adapted to adsorb and des- 
orb hydrocarbon compounds. 

19. The device for catalytic treatment of a gas flow as 
recited In claim 1, wherein said carrier body com- 
prises two serially arranged portions, each portion 
rotated approximately 90"* to the other portion about 
a longitudinal axis of said device. 

20. The device for catalytic treatment of a gas flow as 
recited in claim 1 , wherein said carrier walls exhibit 
different catalyst concentrations in different areas 
along said gas flow passages. 

21. The device for catalytic treatment of a gas flow as 
recited in claim 1 , wherein said carrier walls exhibit 
different concentrations of said impurity-adsorbing/ 
desorbing agent In different areas along said gas 
flow passages. 

22. A device for catalytically treating a gas flow, said 



30 



3S 



40 



ss 



8 



15 



EP1 016 777 A2 



device comprising: 

a gas flow passage defined at least partially by 
a barrier wall, at least a portion of said barrier 
wall being corrugated for causing turbulent flow s 
In gas flowing through said gas flow passage; 
and 

a catalyst Is provided on at least a portion of 
said barrier wall for exposure to gas flowing 
through said gas flow passage. io 

23. The device for catalytically treating a gas flow as 
recited in claim 22, wherein said catalyst Is applied 
to at least a portion of said corrugated portion of said 
barrier wall. is 

24- The device for catalytically treating a gas flow as 
recited in claim 22, wherein individual corrugations 
of said corrugated portbn are arranged transverse 
to a direction of flow through said gas flow passage. 20 

25. The device for catalytically treating a gas flow as 
recited in claim 22, wherein said barrier wall is 
formed from a folded corrugated sheet. 



26. The device for catalytically treating a gas flow as 
recited in claim 25, wherein individual corrugations 
of said corrugated sheet are arranged transverse to 
a direction of flow through said gas flow passage. 

27. The device for catalytically treating a gas flow as 
recited in claim 25. wherein said corrugated sheet 
establishes a heat exchanger between a cool pre- 
treated gas flow and a heated treated gas flow. 
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28. The device for catalytically treating a gas flow as 
recited in claim 22, wherein at least a portion of said 
gas flow passage comprises opposingly arranged 
portions of said barrier wall, each of said opposingly 
arranged portions of said barrier wall having corru- 40 
gations transversely oriented to corrugations on the 
other of said opposingly arranged portion of said 
barrier wall. 

29. The device for catalytically treating a gas flow as 4S 
recited in claim 22. further comprising: 

an impurity-adsorbing/desorbing agent ap- 
plied to said barrier wall and exposed to said gas 
flow passage, said impurity-adsorbing/desorbing 
agent being adapted to adsorb impurities at a first so 
temperature and desorb those impurities at a sec- 
ond temperature, said first temperature being lower 
than said second temperature. 
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FIG. 5 
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